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/ Introduction \

Abstract: Cs,LI1YCI, (CLYC) and Cs,LiLaBrg (CLLB) scintillators have n/g discrimination capability. Figure-of-Merit (FOM) value was optimized to 2.0 for CLYC, 1.4 for CLLB by using

the charge comparison method (CCM). The neutron and gamma waveforms measured by CLYC and CLLB scintillators coupled PMT under Am-Be source irradiation based on the

Convolutional Neural Network (CNN) method and the FOM value of the CNN method was better than 8.0. In addition, we constructed CNN model for complicated n/g discrimination under
piled-up condition with a model accuracy of 99%. With the development of fast analog-to-digital converter, the whole waveform information could be available. Compared with the
traditional Constant Fraction Discrimination (CFD) timing method, a new one based on the CNN model for the timing of a pair of Cherenkov-detection MCP-PMTs improves the coincidence
Qme resolution (CTR) by 50%.

3. The CNN method for piled-up condition

1. The charge comparison method for the n/g discrimination
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» The PSD scatter plot (a) and 1D PSD histogram plot (b) for CLYC under Am-Be source.
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» The PSD scatter plot (c) and 1D PSD histogram plot (d) for CLLB under Am-Be source. o _ — .
» Artificially piled-up pulses are generated by adding single pulses, each of which is given

» The neutron-gamma discrimination of CLLB scintillator is worse than that of CLYC,

: . . a corresponding label.
and the conventional charge integration method may not be good for neutron-gamma P :

. L » Complex discrimination of piled-up pulses using CNN with an overall accuracy of 99%
discrimination of CLLB scintillator.

2. The CNN method for the n/g discrimination 4. The CNN method for waveform time analysis
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scintillator was 8.6. The CNN method has obvious advantages in particle discrimination, and - TN A method, which helps to improve the
the FOM value of the CNN method was better than 8.0. T e e e e e Spatial resolution of PET

Global Sigma: 57.4 ps, CNN Sigma:28.5 ps
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» The CLYC had excellent discrimination ability between neutron and gamma with the Figure of Merit (FOM) value better than 2.0, Unlike CLYC, CLLB was only sensitive to thermal

neutrons, and the discrimination ability between neutrons and gamma rays is worse than CLYC, whose FOM value is 1.4.

» The neutron-gamma discrimination by the CNN model is significantly better than the conventional charge comparison method method, and the FOM value is improved by a factor of 6
compared to that of charge comparison method.

» The CNN model has good accuracy for the complicated discrimination of piled-up pulses, and the accuracy of particle discrimination exceeds 97/% for each class (g+g, g+n, n+g, and n+n) for
complicated n-g discrimination in the piled-up condition, indicating that the CNN model is suitable for complicated neutron-gamma discrimination under high counting rates.

» The CNN model developed successfully improved the coincidence time resolution (Sigma) for a pair of Cherenkov-detection FPMTs from 57.4 ps to 28.5 ps. This proves the ability for the CNN
\ model to extract features from the PMT waveforms and realized a more accurate and precise measurement on the time information

References

[1] J.f. Han, J.l. Zhu, Z.h. Wang, G.f. Qu, X. Liu, W. Lin, Z. Xu, Y. Huang, M. Yan, X. Zhang, L. Chen, Pulse characteristics of CLYC and piled-up neutron-gamma discrimination using a
convolutional neural network, Nucl. Instrum. Methods Phys. Res. A 1028 (2022) 166328.

[2] Q1 Wu, Lishuang Ma, Shuo Peng, Zhigang Wang, Lingyue Chen, Ruigiang Song, Yao Zhu, PMT Waveform Timing Analysis Using Machine Learning Method, IEEE Transactions on
Nuclear Science, 2023.

- - - - - - - -
B PN P\ | N B PN [ ) \ 4 ryf \7 ) 7)) 4 AYOVYAYA N4

Acknowledgement

This paper was supported by the Youth Innovation Promotion Association CAS. Corresponding author : gians@ihep.ac.cn


mailto:qians@ihep.ac.cn

	幻灯片 1

